A comparison of two types of dose equivalent meters, a recombination chamber REM-2 and a tissue-equivalent proportional counter HANDI, were carried out at the CERN-EC high energy reference field facility, CERF, in October 2001. Here, the mixed high-energy radiation field in commercial flight altitudes can be simulated with dose equivalent rates up to 2 orders of magnitude higher. The total absorbed dose and the dose equivalent have been measured at different radiation field intensities. Of particular interest for measuring in the CERF field is the assessment of the low LET-component, i.e. the gamma and muon components of the field, which are not taken into account by existing Monte Carlo simulations modeling the radiation field. The new results for the estimation of the low LET-component are compared with previous ones delivered by REM-2 at CERF. The results show good agreement between the REM-2 chamber and the HANDI.
Introduction
Investigations of the suitability of a recombination chamber REM-2 in comparison with a tissue-equivalent proportional counter HANDI to measure dose equivalent and absorbed dose were made at the CERN-EC High Energy Reference Field Facility (CERF-field) [1] . The CERFfield is used for testing detectors to be used around high-energy particle accelerators and is in addition sufficiently similar to the cosmic ray field encountered at commercial flight altitudes. The neutron component of the field is well characterised by measurements with a wide range of active and passive detectors, and by Monte Carlo simulations carried out at CERN [2, 3] . Unfortunately the Monte Carlo simulations only model radiation produced in the target, so are not relevant for the concurrent γ and muon components of the field originating from other beam lines and long-lived activation products. Hence it is difficult to interpret the obtained results with the simulations. At this time at CERN only the HANDI-TEPC is used to actually measure the total dose. For this reason the results of the recombination chamber are compared with the HANDI-TEPC.
Material and Methods

Recombination Chamber REM-2
The recombination chamber REM-2 [4] , manufactured in Poland by POLON-Bydgoszcz is a cylindrical, parallel-plate ionsiation chamber with 25 tissue-equivalent electrodes. The chamber is filled with a mixture of methane and nitrogen (5%) at a pressure of about 1 MPa. It has a volume of 2000 cm³, a mass of 6 kg and an effective wall thickness of about 2 g/cm².
The chamber is used in a mode where the ion collection efficiency is governed by the initial recombination of ions. Here, the ion density along the tracks of primary and secondary charged particles determine the degree of initial recombination and this fact can be related to the LET of the ions and hence to the radiation quality.
In order to evaluate the dose equivalent, a method proposed by Zielczynski et al. [5] is used, where the ionisation currents measured at a recombination voltage U R and a high voltage guaranteeing saturation U S are compared. The recombination voltage was adjusted before during a calibration procedure [6] in a way that 4% of ions recombine (i.e. ion collection efficiency is equal to 0.96) when the chamber is irradiated in a reference gamma field ( 137 Cs source).
HANDI-TEPC
The Homburg Area Neutron DosImeter (HANDI) [7] is a portable instrument based on a low pressure tissue-equivalent proportional counter (TEPC). The spherical TEPC has a wall thickness of 0.15 g/cm² and is filled with propane based tissue equivalent gas mixture simulating a tissue sphere of density 1 g/cm³ with a diameter of 2 µm. Using pulse-height analysis this instrument measures in real time absorbed dose as well as lineal energy, y, in the dynamic range from 0.05 up to 1500 keV/µm [8] . The quality factor is determined from the y-distribution of absorbed dose. The system is calibrated in a 60 Co gamma field in terms of absorbed dose in tissue.
Due to their construction and operational principle, neither the REM-2 chamber nor the HANDI-TEPC indicates exactly the ambient dose equivalent H* (10) . They both measure a dose equivalent quantity H tot . The instruments are calibrated in terms of H*(10) with γ-radiation, therefore they will also indicate this quantity for mixed radiation fields in good approximation.
CERN-EC High Energy Reference Field Facility (CERF-field)
The CERF-field is situated on one of the secondary beams from the Super Proton Synchrotron (SPS) [1] . A pulsed hadron beam with a momentum of 120 GeV/c, a period of 16.8 s and a pulse length of 5.1 s is fired onto a copper target in a radiation cave. The resulting secondary particles emitted under 90° are filtered through either 80 cm of concrete or 40 cm of concrete side shielding, giving almost uniform radiation fields over two 2 x 2 m² areas. These are divided into grids denoted as CTx (concrete top, position number x) or CSx (concrete side, position number x). The intensity of the beam was monitored by an air-filled precision ionisation chamber (PIC) at atmospheric pressure, placed in the beam just upstream of the target and connected to a current-digitising circuit.One PIC count corresponds to (2.3 ± 0.1)·10 4 particles [9] .
Measurements
Measurements at the CERF-field were carried out with the REM-2 chamber at different intensities at position CT6 and CS3. For position CT6 also measurements without target at two different intensities have been made.
In 1998, Golnik et al. [10, 11] determined the absorbed dose due to the concurrent γ and muon radiation using a plot, where the total dose per spill is a function of beam intensity. The same method applied to the results of October 2001 leads to a concurrent dose of 170 ± 20 nGy per spill (Fig. 1 ) by extrapolating to zero-intensity. The measurements without target also contain the assessment of the concurrent dose. As it can be seen from the Fig. 1 the concurrent dose measured without target agrees very well with the value determined with the method of Golnik. At the side location we don't observe concurrent radiation. Here the linear fit passes trough the origin of the coordinate system.
In Table 1 we list the absorbed dose per spill due to concurrent radiation (background radiation) determined earlier with the recombination chamber. In the measurement of October 2001 a slightly higher background radiation was observed. Table 1 Absorbed dose per spill due to the concurrent (background) radiation. Values for the years 1993-1998 are taken from Golnik et al. [10] . The value of 2001 is determined from Fig. 1 . For comparison HANDI measurements were done at the concrete roof position CT6 and at the concrete side position CS4 at slightly different intensities. In Fig. 2 the measured total absorbed dose per spill is displayed relative to the beam intensity to determine as before the concurrent radiation using the HANDI-TEPC results. This leads to a value of 180 ±10 nGy per spill, which matches very well with the value determined with the REM-2 chamber. The measurement point without target confirms also the determined value.
In Fig. 3 the dose equivalent quantity H tot per PIC count versus beam intensity on the target is compared for the HANDI-TEPC results and the results of REM-2 chamber with the Q(L)-relationship from ICRP 60 [12] . Due to the concurrent γ and muon radiation the absorbed dose per PIC count exhibits a non-linear dependence versus beam intensity at the top location. Between the instruments a very good agreement can be asserted.
Conclusions
The measurements confirm the presence of a detectable contribution of low LET radiation at CERF. The determination of the "concurrent" low LET radiation showed good results in comparison to the measurements in 1998 and there was a good agreement between the results of the HANDI and the REM-2 chamber. Presenting results for the CERF-field it is very important to indicate the beam intensity on the target. For devices that show sensitivity to low LET radiation the concurrent γ and muon components of the field have to be considered.
